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[ 0 0 4 6 ] 

. ^B#fFm4,1 7 3.5 4 7^jcM^^?HfcS(*:itag;6S-&itL»T.MISM^*2^?q«8 50 
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t> f)^^ ^ ^ . '^tih\cm:^^ti-r. ^^bMx^^^ ^bKx* h d n ^ o < r> (d m -r 

[0 0 4 7 ] 

ps<^. mm =^ h (D J: ^ fj: m m ^ m m \c X ^ X <D ^ m m ^ ti ^ o mm^^^t^t^mmit. 

[ 0 0 4 8 ] 

^?Ltttl. ti^$:^K<5r)^ffia^ii::^L. X>}^^xn&!t^(or:iib<DJ:0^<<omm^^^^(O 
X . te^4^«J^#a«T^fcSrt;55x*#5o it^ffiaii. Br i t i s h S ta nda 
rds BS 4359. 1 m ( 1 9 6 9 ^ ) \Z X ^ Wl ^ ^ tl X ^ m X m <0 m tt^ ^ ^\ m 

^ y E <^ ^ ± ^ < . XnSOm^y^X^^^K. XJ^15 0m'/gJ:t):^^<. Xit 

^TfeSSp^pji. *^i,5oom'/gj:»9. -JK:6^^c/^^v^Jt*®«^^-r5o 

[ 0 0 4 9 ] 

nauer^^iCct'SJournal of the American Chemica 
1 Society, 6 0 m . 2097!;M319H(1938^)(c:fe^^nr J: 9 ?t 

B E T mm\c X ^ ^ ti ^ t X ^ ^ o mmxm <D m ^ ^ B\ m X ^ ^mmmK^± 

^#<. Xfl0.6cm"/gJ:J9:^#<. aft^K(DrtgP#?LStC:Joit5W^LU^±PS 

[ 0 0 5 0 ] 30 

M -r 6 a ^ K (7) 0ij {;i . S v- y ;^ . # {c ^ ffi II ^ a^B M y :^ . J: 5 y 

-^^tt-So -^^^ctp/irteftii^HJi, VN<0 7!)^<^#t|^ag;i. P,7ff|g^ttT4o«9. Dav i so 
n Chemical Division of W.R.Grace and Com 
panytClctt^^la^iX^Dav i son 9523^ Dav i son 955^0 i^y 
;t^(300m'/gCO^®^^t/1.65cm'/g(7)J^?L^a). MUMCIneos S 
i I icas;ii^fec7)ES70Vy;?7;6^^*tb6o 
[ 0 0 5 1 ] 

tLTv^^TKfi. ^^m<Dmmmmi^^ ^m\z^ t: ^ x ^ ^ ^ o 40 

[ 0 0 5 2 ] 

*CJ:i9igVN?MaT';6^i^$tL/cmf^^«r-te^ri:;^f5T*#5o m ^ « (O m ^ M i-f ^ tc ^ 

<o /)^^it^ 900t:J;!?t{g:V^. 3ili 850*Ci;«9{>ig:U^aST*{g*iJtcnt?tL'5o 
[ 0 0 5 3 1 

0 0 1,7 6 6-^\z^^tLX\^>^it^^y^^^^ti^o ^mmic:i^\^^xm\^^hix^^m'^^ 

^ ^ J^it^^iZit. »*L<fi. R'n.MgR\[^4i. R^'RXfRUt. m ^ iZ m 50 
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{ithtzitim. ^ m X \t.m ^ X- $y ^ m ^ m m m X \^ ^ ^ m m yk m (m :^ . t ^ . 

T/U-irrL/u^ T/Uz^^-yU, T ^) — m X \^ ^ f\> h (O ^) X ^ ^ . m=23lJllT'fct) 

. r\ = 2 X ^ ^^(O {c^m (D X. 0 fa < h \> l^(Diyrj\^^/i--^^^^iy^J>^it^m 

{tsuT(ommm^^^-r^. m7i^6^ -:^t ji^^ ji^-^ ^ ^ ^ . n - zf ^ 

[ 0 0 5 4 ] 

IS # *c . * ^ ^ ^ ^> -g^ » ga ^ ^ n fte <o {k ^ t 1^ 1^ ) »^ . 1 

^>'>A. -^-^cft^-^. DBM[FMC(y'-^;?;D^-r-t-!m> Ga s ton i a)7!>^bA^ 

^i>'!>A<^}g:-&f^;65-&*tb^^aA?$tb5o X. Akzo Nobe M-^yy-f^l+l. '> 
;?7 < ^ ^ ^ J>^\\L^m\% . V^ < b T =^ /i^ T ^ A 

[ 0 0 5 5 1 

/U ffl V^ b # -5 o $f L V^ r 71^ =^ — /l^ . ^ A II Jt C7:> T ^ 71- S ^ g ^ i" 5 

t7) X S L M ^ n « ^ ^ . <t t9 ffi -e «9 . ^ i:^ -fe V ^t: -a- 4^ J: i9 20 

[ 0 0 5 6 ] 

4ooj^^iS^Sr^-t'^o v^<o7^)-(Dfig^t^c:^o^/^T. "r'^vx \ 2 (o^mw^^^ . x\-^ 

K 7^ ;^ y - yi- ^ t>* 4 - ^ ^ /u 7^ ;«? y — /I- -g- ^ tt 6 . b PS ^ ^ „ 

[ 0 0 5 7 ] 

0 1, 7 6 6-§-fc^$tifc'(b'g^i^/5^'a*n'5o 
[ 0 0 5 8 1 

T i (O R X C 1 y 
[ 0 0 5 9 1 

^ J: 9 ^ ^ Pfi :S 6^ ^"J tc . Eg ib: ^ > (7) i 9 n y ^ ^ > , T =2 40 

=^'>KlfS:»;i5 27!7^1 0<O^^J[g^OTyw^/uS^*-re^tJ'^'>AT>'^=i^v'KSt;^-?: 
tLh(Om'^^i!i^'^^tl^o T i C l4(^. m . Ak z o-Nobe iSt/Al d r i 

[ 0 0 6 0 1 

mm t i^x . m-t ^ ^ ^ > ^i:^ i± . r m(o x o \^mm ^ tin ^ o "^mm.thrxmeoox: 

X m 4 ^ tltz D a V i sonS^9 5 5 iyy:^7<?5i'5>tv-y:J&S:. -fy-^V^:/. 

xCyxv.:^4^v. ^ :f ^ m (D X ^ ^J: m m m 1^ it 7i<^ m ^ \c ^ ]) - itir ^ , }k\c V :^ :^ y 
V - ^mW L hm 5 0 7b^ s 5 "Ckzmm^ ^ o *^5 07!7^5 5°C{c^oV^T. 

^ ^ y (D B M) <D X ofa^Wi'^^f^^yyj^. 1 - y^J^y — /k:OJ; ^/.^Tyu^i — yuS 
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[ 0 0 6 1 1 

*@4#fFS5, 3 3 6,6 5 2^{zm7r:^tlX\^^^(^<Dm7ik^^mmm\C^\m{cX ^ ^± 

A ^ ^ ^ iD L v> r. ^ Tis if * L v^ o ^ ^ ^> v i> A ^ » . - flS: 6^ 1- . 3 . 
0^y^y^/gJ:•9d^*v^. 2.2^y^/u/gctl9^iteVN. 3^f^l.5^li^/^/gctt) 

o 

[ 0 0 6 2 ] 

^> >i 5 T =1 - yi^ ^ b tt ^ ^ ^ . T =3 - J§ -r ^ M f& ^ $ij PR ^ tu ^ o 
^ i^ * S§ 6 o 

[ 0 0 6 3 ] 

r /u- =1 - /KZ) jjp id g£ < S i^^ fi . ft M W J- . 2 5 °C J: <9 . 3^ 4 0 °C J: «:) < . ;!)^ 

o . 8 0 °C J: f9 ffi v^ . X 7 0 °C J: ^9 IS v^ ?U S tr :b 6 o 
I 0 0 6 4 1 

fi ^ 4^ (d . ^ ^ V . ?S §15 <J: L r ffi ^ . ^ ^ >^ it^m (Dti^. ^ ^ O + 5> 

. 0.1^y^yw/gJ:i9^<. Xfi0.2^y^yu/gc};'9^<. Xl^O.S^y^/i^/ 
gJ:'9^<. ^^>"ft:^i^<^r(^»{^. (^y^/UTi/gfifls:ifeW)^LT-^x.btL6o 

— 5":^>-fi::^^^7)ij§Sijoft(^. ti: ^ . X . mcom^-t^^Rjt^cDi'fmmwt^ so 

;SL#6c7)T-. ^-t € ^ ^ :^ i^^m&X h ^ o ^tJc. /J^y-^-(c:foit6lg'aa 

4.5^y^>'u/g7ie^. Xfi2.5^y^yu'/g*.^. Xf^i.5^y^/u/g*« 

[ 0 0 6 5 ] 

=2^r>A(^7«>5'n-fe>'>fk'g^#lcoj;5>:e4;^®^^«(?D{b'g^ife:d5^SiX'5o iS-r^T^iJ'ci-fe 
V-^^^fCf^. *lli|#ff||6,0 0 1.7 6 6'^{d^$ttyh^k'&ife;55^*tL6o 
[ 0 0 6 6 ] 

(R ' 5 - C P ) 2M C I 2 

(^'t', Mfl4:^]l^^«T*fc'9. C p 1^ a ^ ^ z;^ :jl - ju & X* h r) . ^ R ' ^ iS ^ 

tK ^ X II c 1 - c 1 0 r ^ /I- 5 ) 
e*ft(#R' tK -e fo ?) # -5 $ tt r v^ -5 (/> ;t < i: 1 o o R ' 

i\:^'^(Dm,^mhm\^^ hf\.n^o hyr/i-^yur/w^^'^A^k^^ici^.^, r"3a 
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h tin ^ o 

[ 0 0 6 7 ] 

0 mff^ t ^ z r m^^it s m m u m \c X m it yi<i m m m X iR ' s-cp)2Zrc 

[ 0 0 6 8 ] 

1 ^ (Omm\C X . *ffl^#fF||6,00 1,7 6 6-^^C:^$ttTV^-5<i:9t-. ^i^'u-irV 

^ ^ ^ ^ ± > t it^ ^ ^ ^ :^ ^ X2 ^ jSL'f^ ^ V T ?V ^ T % =^ ^ J>^ 

[ 0 0 6 9 ] 10 
[ 0 0 7 0 ] 

xh^m-^. M A o ^.*p 1* ig L T v^ 5 o 2fc . mn^. mmm,tiTxfi^5ox:\z:^ 

[ 0 0 7 1 ] 20 
[ 0 0 7 2 ] 

^ mr ^ ^ ^ f$.6^ n . *H4#w^6,o 0 1, 7 6 6 ^ {ct^m ^ tix ly-^ ^ X 0 tj:^ m 

T /v- ^ ^ A ^ % ^ n 6 o # SiJ gb M M . ^ ^ . 

A 1 (R . (H ) b (X ) c 

mmx ^ ^ . a + b + c = 3r'fe5) 

PS^^^^c^^k-g^^tCll, hU;^^yWr/U^::^^A. hiJin^yl.ryW^::^r>A. hyrT^uf/U 

y ^ iy ^ ^ iy ju r ^ ^ CD X 0 V V T )\y ^ )\^T ^ =^ 0 W.^ m ; y ^ /i^ 

T ^ :=! ^ t: K y K TJ^ ^ ^ >^ /i- T /i^ 5: ^ A t K y K CO J: 9 T ^ r /t- ^ ^ ^ 
At K y K ; T =^ T W T ^ ^ ^7 A ; 3£ t>* . ^ i> ^ ^ /u- T 5: 

[ 0 0 7 3 ] 

hy3l^y^T/^^:=^•J7i:.t>>SV^6>^^^#'5:^5.H2^^. hy:3i^yl^T/l^5::=-!>^(C^oT^ 40 

CO >!$ ffl fe * 19 iS L T V^ ?S V^ o 
[ 0 0 7 4 ] 

:*:^e^^-^5v^T^ffl?:^MMAo(e^c®^^^fc^5'>'^'ry^^ y^f->)tc{i. *ia^#^ii6, 

fz. ^ /VT /V ^ / ^ ^ > \ i:(¥l^^^TV^5ll^$i^fcMMAO^;&5-g■sj^So v^<o;6=' 
<D m^\^^^^X . MMAOlgJi. ^47!7^10(Dj^^J[ST-cOflgflSl^{b'g^^(TyU;^>'«. 
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[ 0 0 7 5 ] 

^ h tz h -t t ib^ ^ m ^ ti o il^^^^54#^OMMAO^cioV^TV^'r^^/^^<7){S#;6Sfc^ 
% fe -5 r ^ II ^ ^ tX /cC „ 
[ 0 0 7 6 ] 

* ^ <7) *r jfe v^ T . ^ $$5 4 (7) iib ft* 55^ ffl v^ b tL# ^ o -Jl§:6<}{c. m M A O ^ 5> lo 

, iTiMS 0. XJiO. l7i3E3 0c7)ffiiaT'fc5o 
[ 0 0 7 7 ] 

I 0 0 7 8 1 

[ 0 0 7 9 ] 

^ '^(D m^^(0 tz {^mm^ \^ <^ V ^ tin ^ o m ^ \^ 7^ D - V ^ ^ u :y X a ^ 

^ :y :=i V - X h ^ m . 7km (O Ait. . — I^MJC. :ii^U>'O^/W^«9 0737^2.0 
[ 0 0 8 0] 30 

[ 0 0 8 1 ] 

m^um\t. ^ ^ 6 * ^ ^ » S fc d?) «c + ^ i« < < T (1 7i e> o - 6^ . 

- <D'^ h fz h -t \^ ^ M < X \tt^ h o 4# . mm^mx \t . Rmu&\t. ;k y - 
n ^ ^ ^ ^ \^ ^ m < fs: . -m^i^. M^um\t. 3oorj:t){s<> 31*11 1 5 

*C J: 19 {£ < . X fl 1 0 5 J; f9 ® v^ o 

[ 0 0 8 2 ] 

«^c:J:t)^f^s^6*)^ci*::t$i^^MS(c::^ov^ra-g^$j^^#^o seox. 0.9 2 g/ 

c m^J:«9ig:V>^S«*Wr5^y^^l^V<»flifi. 6 07!y^9 ox:c^>?a«^c^^v^ 

TS-g^^tl^o 0.9 27^M0.9 4g/cm^(D«?S^*-r5>Ky^^l/>'1t^g(l. 7 0 

7bmi0 0X:(DUm\z^\^^xm'^^fh^o 0,94g/cm='J:9^i5v^«ft^;ti-^>^^y 

8 07!7M1 1 5°C<7)?aStc46V^Tfi'g^^i^^o -^ix^cOMS&t/^Sll 

[ 0 0 8 3 ] 

j^^^w^msj\^^'&'t h ^ t t^x ^ ^ . mm^R^^^\t . mmif^\z.\tm \ , o o o p s i( 

7MP a))SkT (D&f}X^VF^f\.^ -i»W(-Ji«?)3 5 0 p s i (2MP a)*«<^>iE;fjT-S 50 
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1 0 0 8 4 ] 

^ ^^^^c^enr^/^'5J;9ic. fti4^k$nfcttij^(D^«^»ii. m mm m R m mm <o 

'=F\c^^-r^o ^^0«r:^^7)^'&(cov^T. R Jt^ n fj: 0 tz ib <D m ^ t ^ (D m 

m \^ ^ ^ S!:^ ^ tin ^ o 

[ 0 0 8 5 1 '10 

L LDPE)^-g-tf/KU ^^ur^Oct 5 :^^a>^«oa^co4^y 7^ u y ^ ^ Ui^-t ^ fz ^ \z 
fflVNe,tt#-5o LLDPElSflgJi. ftSWtCJi, *^0.9 4g/cm'7|c«O^EffiSr*L 
. HDPEti. *^0.94g/cm'J:i9^tl/^«;S*^-r5o HDPEfi 

M ^ m (T) m <D (r> m ^ ^ m ^ o t^oX. J:«9i^^/c^;*-i-:7^:/Jl. 

<D ^m-t ^ <D X ^ LLDPE^#6ycit)tc. J:«9^^^>^^;?^u>^^>':?if^fflv^?>tb#6 

20 

[ 0 0 8 6 ] 

:^ m X ^ h X ^ ^ 0 \z ^ X. ^ ^m^Si a - :^ \y -7 ^ . ^f"i/>'J:«9tS:iStt 

-e ^ ^ L . o r . - ^ #t :t^4 je- (t ^ ^ yi- 5> ct «9 t> ^> v^ ^ 5> ^ 

-e - id la i2i ^ n 5 o $ b . # i« . mm \^ ^ ^ ^ & x ^ x ^ MWl^^:^ \^ 

^ mm-r ^ fz . m^fB^n^zio^^^x . x^^m^j::t\^y^:y<Dt*(Dum(D^m7!)^ii;^>mx 30 

[ 0 0 8 7 1 

y^^t.>.=i;Ky-^-S:tJ^i:'9ii5«<0>3^y-^-fi. #fc|&J[^^sf7!>^C>m^ii*tL^. J:i9iS® 
/c?:^U'v^-Y>'COlc{cS-^V^T. HDPE3^{^LLDPET-&'9#'5o ^Ky^^l^V^iTKy 

■V — (?:>it#:£(Deijicfi, ^ii^ixv/i-^^-rV'^iTKy-^ — . ^^u>'/i-^^ir:^=i7}^y 40 
— , 3i5^uv/4-p<^/u-i~^v-rv=jAKy-^ — , 

[ 0 0 8 8 ] 

*^e^co^|«jl, if^b<*i. *1)l,0 00 g#y;^*u>'-Y://gMiKct'9:^#v^ffi^4a 
[ 0 0 8 9 ] 

SIJS«SJ 50 
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fife (c :^ ^ tt T 7i It tt « . mMmi^7r^^inX\^^h't^X(Dy<-±>y'-iy. ^ S S «c 
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)SrSch 1 enk:7^Xr2(cAtl./cio ^(c-fy--^i^v(J^l 00ml)Sr:7^^n{cA 10 
tt . (D ^ mm { 5 5 ""O ^ icm^^ o 5 5 °C ic: *d v^ r :/ ^ yi^ ^ 4> a ( d 

1 - — yK4. 1 0 ^ V ju)^ 5 5*c(c^ov^TS5^pu. t <om^m^ i ^mmw \^ 

tzo S m . T i c 1 . ( 2 . 5 9 2 ^ y ^ /I- ) ^ 5 5 °c {;i *D T s i^:^ 1^ m *o L . Mi* 
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[ 0 0 9 2 ] 

I (c:J:«9Mit^nfc*&*(2.0 0 g)^-!' y--^1^V(*^5 Om 1 ) ^ \c ^ ^ D — 
it \^ . (O :^ ^ U — ^ 5 0 ""C {cmm L fc o ^ ^ >' 1 m \ ) ^ (D h V 4 y y "f- Jl^ T ^ 20 
^!>A(0.8 0^ y^/W)^Cp2Z rC 1 2(0.0 5 6 ^ V jU ^ 0.0 1 64 g)^R 
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^^b. ^?>^?>Lfc*&*S:#fCo T i RXf Z r <Dmm% . ^ tl tl . 1.6 3St/0. 

2 3 5 r t ;65 :b o o 
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mmm 3 mmmmi^<omm 

mmmi\cj:^mm^titzm^(2.o o g)^-r y--=^i^v(^5 om n^fijcs:^^ v — 30. 

^^7i:.(0.805:!;^yi-)^hyW^>''t'cOCp2ZrCi2(0.1 085:y^/i^. 0.03 
l6g)<JrS/^:$'^^rt(cJ:»9. Zr^tfti^SSitLfCo Z r ^ (D :^ y V — \c m 

[ 0 0 9 5 ] 

t (Df^^m ^ m 5 o°c^c:^ov^T^lB*r«^ti}*L/c^^c. h/i-^>'^MAo(3.o 0 ^ y^ 

) ^ O ;^ ^ y - iP L o ^ <7) S ^ ^ 5 0 t: «c T ^ e> Ic 1 B# r«1 tg b 

CO MAVoi-^ . t tl^^ tl. 1.5 3RXl0.4 2Xh^:^t:^^t>f)>ofCo 
[ 0 0 9 6 ] 40 

mmm 4 j^m s a-g-s/g 

[ 0 0 9 7 ] 

5 Ot:^C*5V^T. m M ^J: — T ^ ^ i 7 5 Om - -^^irVO Om 

\ )^mtcL . J5fc{c:TMASr5MMAOSr^*PLyho SlJ^^giimTL^rM^L. Sli^aS^ 
1,000 rpm(;iliL. M*Sr9 5*CJc:K<LfCo 7K^SrfflV>rrtSf|5JESrl2ps i(8 

3 kPa)±lf. ISfel^l. 20475S21 Ips i g(1.4l751gl.45MPa)(C*5H-5 50 
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^ mmu^-i xf^m . y ^ u > ^ leiiiji l fc, 

[ 0 0 9 8 ] 

mmm 2 Rxf 3 (ommmmt^^ m^^ 9 y-fi-^ife*^« 1 ic^-r„ 
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METHOD FOR PREPARING POLVOLEFINS 
Rdd of ihc Invention 

iOOOII This invention relates to methods of polytdefin productioa. Mote qiecifi- 
5 cally, the inventioa relates tt> methods of pzoducing pdyolerins having broad or 
btmodal niolecuiar wcieht distribution^ and methods of controlling the fclstivc 
amounts of higher and lower molectdar weiejtR polymer eomponems of such 

potyolefios. 

10 B«:bBrouad 

100021 Polyethylene homopolymers and higher polymer? (copolj-nrarx, ter- 
polymecs, etc.) with o broad rooleculai weight disiribuiion ("MWD") cot be osed 
io applications where polyniers arc ncexlcd lhai are both Strang aiid lave low melt 
viscosity. The high molecular weight fraction in the broad MWO polymer con- 

15 Abuses lo sirengih. and Die low Riolecular wdghi fraction contritniies to low melt 
visctxiity. 

[00(01 One nfieasure of the moteculnr v^-eighi distribution of a polymer is melt 
Oow ratio CMFt^'X which i» the ratio of flow index to nielt index (Ij.i*) for 
a given polymer. The MFR value is believed to be an indication of the molectdar 

20 weight distribution of the polymer: the higher the MFR vahie. the broader the 
motecufar weight distribution. Polymers having relatively low MFR values, e.g., 
less than about 50, have relatively narrow molecular weight disiributiojis. Rela- 
tively higher MFR vajues* e.g-, above about 50, arc generally indicative of rela- 
tively broad molecular weight dLslributions. 

25 10004} MWD and MFR can be used lo ciiaraclerizc polymers, e.g., pwlyolefins, 

such as linear low density polyethylene ("LLDPE'O and high density polyethylene 
("HOPE") which are oflen used In films, blow molding, and other appUcaiions lo 
mskt, e-g., bottles or wrapping material. In general, it is desired to have LLOPE 
and HPPH with broad MWD Ux good processability, e.g., during film forming 

30 processes. In addition. HDPEs (e.g, densities between about 0.940-0.965 g/cro*) 
with broad MWD have good processabiJity in blow molding appltcaiions. 
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{tNM}5| In Uow molding and nim applicaitoos, siich polyethylenes cod be used. 
ftx cxninple. lo mimufactvre bottles^ plasiic bags and ptprs. 
{0006} Several methods are known for ihe production of broad MWD polyethyl- 
taie. Some methods use caialysts, typically cbromium-based, that inherent ly pro- 

S duce polyotefuEi havmg a broad MWD. As these catalysts prodiice polyolefins 

with broad MWD, polyethylene production can take place in a single reactor. 
[0007| Another method for prodtKiion of broad MWD polyethylere uses tandem 
reactors: two or more reactors ctmnected in sequence. Tandem reactors are gener> 
ally operated imng catalysts that produce polyoteftns Mrith narrow MWD. such as 

10 catalysts based on titanttim ot vaoadium. The reactors in a tandem ^*siem are 
tyjncally operated tmdn dinereni reaction conditions, e.g.. with difTerent amounts 
of chain tnmsftr agent, resulting tn a polyoleiin with a braad MWD that may be 
muUt-modal. e.g., bimodal. Using multiple reacmrs. however, increases the pro- 
duction cost of the polymer. Further, the various weight fractions produced might 

13 not be adequately intemiLxed in the final product, which can lead to a product with 
inferior rocit and/or processing characteristics, such as gels in the product. 
{OOOSJ Another method for the production of broad MWD polyethylene uses bi- 
metallic catalysts. Such methods arc exemplified by U.S. Patent No. 6.00l,766» 
the disclosure of which is incorporated by reference herein in its entirety. Cala- 

20 lysis of the '766 paicm comprise two transition metal compounds: a cyclofcntadi' 
enyl complex of a transition metol, and a non-mctaHoccne derivative of a transi- 
ttoit metal. In the '766 patent, catal>-st precursors are activated with a cocaialyst 
compiisiiv a combinalioo of an organoaluminum compound such as tiialkyiatu- 
minum, and modified methylaluminoxane (MMAO). Although the patent dis- 

21 closes that diflferent components of a bimetallic catalyst have different hydrogen 
responses, bettce leading to broad MWD, the patent does not disclose or suggest a 
method for contFOiling MWD during polymer production. 

{0009} Whatever method is used to produce broad MWD polyethylene, it is de- 
sired that the polymer |»oduced meet target specificatioits. llius, oinonB other 
30 specifications, it can be important that ihe polyethylene have an MWD wnihin a 
target range. MWD, howevv, can be diSicult to predict and/or control for a vari- 
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eiy of reasons. 

[OOlffl Several methods arc known for cooirolUng the vsetgKt fiactions of the 
higher and lower molecular weight polymer component, which in turn afftas the 
M WD of polyethylene, during potyctfaylenc prodvcUoii. When o bimetallic cata- 

S lyst is used to prepoxe broad MWD polyethylene in a single reactor, for example, a 
metat^loadins method may be used. In cnetal-kKKUiig mettx>ds. weight frscttons 
are regulated through carciul control over the ratio of metal comp<»enis in the 
catalyst. A difTiculfy with onctal-loading methods is that no two batches of cata- 
lyst are ever idetnical, and potyinecization processes include a host of operatitMiat 

10 parameters other than catslyst metal ratios. Alsoi. impurities io the feeds entering 
the reactor durtog (he polymerization rea^ioii niay affect the cfGcicncics of tte 
two metds dififercnily. Thus, evea if perfect conirol over the ratio of metals were 
possible, this would not assure adequate control over the weight fractions of the 
polymer. 

15 lOOIll U.S. Patent No. S.S2S.678. the disclosure of which U incorpotated by ref- 
erence in its entirety, discloses anoihcr method for controlling weight fractions of 
a broad MWD polyethylene, comprising feeding water trnd/or carbon dioxide to a 
pal>'Tncrizatiun reactor at levels itecesisary to modify the weight fractions of the 
high oiolecular vs-eighi (HMW) and low molecular weight (LMW) polymer com- 

20 ponepts. The method is preferably for use wiih a bimciallic caralysl in a single 

polyiiicriraiion rcacior . Oihcr background rcfcrcrjccs include WO 99/33563, U.S. 
Patent No. 5,739^26. and M. L, Britto et al., "Copolym<mzaiion of Ethylene and 
1-Hexcne with Etand)2ZrCl3 in Hexane". PocvMrJl 42 6355^361 (2001). 
{00121 There remains a need for methods lo control the MfH, weight fractions of 

2S the HMW and lAfW compfments. and other |»oduct paranwters In a polyolefin. 
Such methods would preferaUy permit easy control, thereby facilitating produc- 
tion of polyolefins meeting tai^ci specifications. 



SUMMARY 

[0013) It has been surprisingly found that through the combined use of a cocata- 
lyst including a mixture of w orgpnoalumlnum compor^nt and another cocatalyst 
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coti^xwetn. with a bimeialltc calalyst precursor includinc a meislkxxne compo- 
aenf and o non-raemllacene componenu the relative catalyst efficiency of Ow met- 
allocene artd non-metaiiocene componenis can be regulatinj. This is a surprising 
result because of^anoatuminum cocataIysis» for example, malkyiahunioion co- 
5 catalysts such as trimethyblumtnum, are not known for activating metallocece 

casiyst prccmsors (e.g-» zirconixmi mrtalloccoc catalyst precursors'} to any sig- 
nificant extent 

|0O14) Tbe prcsertt invcntioo is directed toward a process for pfoductng polyole- 
liiu having a target weight rmciion of HMW and LMW polymer component*, 
to The present mveniion is also directed tow-ard a process for modifying polymeriza- 
tion coadUions to adjust weight fractions of the HMW and LM\V polymer com- 
ponents of the polyolefin being produced. 

|0015| In one aspect, tbe present inventton provides a process for producing poly- 
otcfios. tbe process tociudiag: (a) combining catalyst precursor and cocatalyst, the 

13 catalyst prectasor inchiding a bimetallic catalyst picctirsoir including a iion>metal- 
loccnc compound of a transtion metal and a metalloceoc conniouml, and die co- 
catalyst includiog organoolumintun and modified methytaiuminoxane compo- 
nents, lo obtain an aclivaied cirtal>-st; (b) preparing a polyolefin by contacting ihc 
activated catalyst with an olefin under polymcrizfllton conditions: (c) determining 

20 at least one product parameter of the polyolefin produced; and (d) varying the 

ratio of orgonoalumlnum lo tnodificd tncthylaluminoxanc cmnponctits based on 
the vahic of tbe at least one product parameter determined in (c). 
{00161 In another aspect, Ow present invention provides pofyolefins produced by 
tbe process described above. 

25 10017] While any useiul product parameter can he used, in sork embodiments, 
product psramciers include at least one of a mch flow rate of the polyolefin (such 
as flow index hi.*, described in more detail below); o weight fraction, e.g., high 
mtileculsr weight polymer fiaction, of the polyolefin; and a melt flow ratio (MFR, 
such as 1ai.6/ij.«) of the polyolefm. The melt flow rate of the polyolefin and the 

30 weight' fraction of the HMW polymer component are related, in that a higher flow 
index indicates a smaller weight firauiUDn ofdw HMW polymer component. 
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(0018] When ihc pnxiuct paramdcr includes a rocti {low rale, such as a flow in- 
dex, N'arymg the ratio of organoaluroinum componcm lo modiftcd mcthylaiu- 
mtnoxone componeitt based oo ihe product pammeier, in some etnbocfimenrs, in- 
cludES companns 

the melt flour fate of ihe polyolcBn to a tnrgct melt flow rate. 
i When the product pontinetcT itKluiles a weight fraciion of the hishcf molecular 

wdght pdynter fraction or the lower moleculiv weight polymer fraction, varying 
the ratio of orgaooaluminum conptMient to modified metbylalummoxane compo- 
nent based oo the product parameter, in some embodiments, inclttdes comparing 
the weight firMtioa lo a target weight fWurtioa When the product pantmeiet in- 
to eludes a melt Oow nilio (NfFR), varying the ratio of organoaluminum to modified 
nicthylaluminoiiane compoaienis based on the product {nrarectcr, in sonK em- 
bodintents, includes comparing the melt Qow ratio of the polyoteHn to a target 
meU flow ratio. 

(0019| Wh«n the product parameter includes a melt flow rate, such as tlow index 
IS I21.*, varying the ratio of organoaluminum to modined mctbylaluminoxane com* 

ponents based on the product parameter, in some embodiments; includes as least 
one of: (i) increasing the ratio of organoaluminura component w modified meth- 
ylaluminoxane component if the mch flow rate of the ptilyolcfm is lisss than a 
target maximum melt flow rate; and 00 decreasing the ratio of orgaiioaluminum 
20 component to modified methy laluminoxane compcmeni if the meh flow rate of the 
polyolefln is greater than a targn miiumum meli flow rale. Increasing die ratio of 
txganoaluminum componcm to modiftoi methylaluminoxanc componcm de- 
creases the fraction of the HMW coo^K>neni. ond decrcasti^ the ratio of or- 
ganoaluminum component to modiiied metbylaluminoxane con^nent increases 
25 the fraction of the HMW component. 

10020) The steps of preparing, determining, nnd vao'mg are each done at least 
one lime, or allemalively at least two limes. 

|002t) Suitable organoaluminum compotmds include trialkylalunrunums, such as 
trimethylaluminum, trictbylahiminum, tripropyialuminum, iribuiylaluminum, iri- 
JO isobutylaiuminum. trihexy {aluminum aitd triflctylalumintnn. as well as mixtures 
thereof. 
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|00U| The modiiicd ineUiybhuninox&ne QAMAO) in some emboduneius in- 
clutfes ai least one oDodificd methylahiminoxioie that is soluble in an altume of 4 to 
10 cafbon aioms. MMAO, such as commercially available MM AO. is believed to 
have several stnKttiral foims, and typically provided as a mixture of several 
reUtcd compounds. Without wishing to be bound b>' cbcojy, it is beiteved that 
two forms of MMAO can be represented by the fonnulae: 



where the formula o« the left l e pi e scni s a linear MMAO, and the (brniula on the 
right represents a cyclic MMAO, n is 3 to \00r^ and the R eroups preferaMy io- 
chide at least ^ mot V» of altcyl. alkenyU or alkynyi groups cKher than methyl. 
|0023| In some embodimemsy dte molar ratio of or^mooluminuin K) modified 
methyialuminoxaoe in pan (a) above (see paragraph 0016) is in the ranse of 0.1 to 
50. 

(0024 1 The bimetallic catalyst prcciirsor comprises a noo-metalloceoe con^xmcnt 
inctudinj> at least one of titanium, zirconium, hafnium, vanadium, niobium and 
lautalum. 

|f}02S( in some embodiments, the bimciaHic catalyst precursor includes a metal- 
loeoie component including ot least one meiatlocenc compound of titanium, zir- 
conium, or halTiium Uxamp5cs of specific compoimrts Inchjde bis(c>clopcnta- 
dienyl)ziTContum dichloride, bis(n-bul>tcyck)peniadicnyl)zirt:oniuin dichturide, 
bis(M-dimeihykyclopcntadienyl) zirconitm) dichloride, bis(pentamethylcyclo- 
j)eniadienyl)zirconitim dichloride, bis(iiKienyl)zirconium dichloride^ \Asl^,S,6J~ 
lelrahydro*l-indenyl) zirconium dichloritte, and cyclopentadienyizircoaium tri- 
chloride. 

10026) In some embodiments, the oleftn includes at least SO vifA ethylencde- 
rived units, widi the balance being atpiKi-olefm>derived units, sitch as C^-Cto al- 
phaK>lcnn units. 




or 
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BRIEF DESCIPTION OF THE DRAWINGS 
10027 1 Figures 1 , 2 and 3 aic gd permeation chromatography CGPC^ chromaio- 
Siaphs of polymeis pnepoxed in Exaniptcs 4. 5, and 6, rcspecii\^y, and illustrate 

5 the efifect of the molar ratio of oiB;wioaluminum:MNJAO on polyethyleoe MWD 
prepared from a catalyst piecuzsor made accofding to Example 2. 
[0028] Figufes 4 and 5 are CPC cbromaxographs of polymers pmpui e d in Exam- 
pies 7 and S. respectively, and Ulusnaxe the effect of the molar ratio of oigano- 
alumiiuanrMMAO on polyethylene MWD prepaml iiom a catalyst jvecursor 

10 made according to Exonqtle 3. 

DETAILED DESCRIPTION 
(0029| The parricutani shown herein are by way of example and for ptirposes of 
tliustnitive discussion of the various embodiments of the prcseiu tnvcniion only 

15 and ore presented in the caiuse of providing what is bcUex-ed to be the most usefuJ 

end readily understood description of ihe principles and conceptual aspects of the 
invention. In this regard, no attempt is made to show details of the invention in 
mure detail than is necessary for a fundainenta) understzmding of the invecuion. 
ihe description xskta with the drawings making apparent to those ^lled in the art 

20 how the several forms of the invention may be embodied in practice. All percent 

measurements in this application, unless othenvise slated, are measured by weight 
based iqx>n 100% of a ^ven sample weight. Hius, for example. 30% represents 
30 weight parts out of every 100 weight pans of the sample. 
|0tt30| Unless oihervsise stated^ a reference to a compound or componciu includes 

25 the compound or component by Itself, as well as in combination with other com- 
pounds or components, such as mtxUncs ofcompounds. 

{00311 Further, when an amount^ concentmtion, or other value or parameter, is 
given as a Ust of upper vahics and lower values, this is to be understood as spe- 
cificaiiy disclosing atl ranges formed from any pair of an upper value and a lower 
30 value, regardless whether ranges are separately disclosed. 

|0032| In one aspect, the pn:seot invention is directed toward methods fitr ob- 
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tainiog polymers, such as potyiHertns> cxenipliTtcd by potyeihylenn. In methods 
of the present invcnlion ptrfymer is produced by contacting olefin monmner. such 
as ethylene (possibly with other monomeis). with catalyst precursor activated by 
cocatalyst inchidmg modiHed iTtcthyblumux>xanc (MMAO) compoimds and or- 

S ganoahuninum coatpounds under polymerizatkm conditions. As discussed below, 
at least one process parametex of the polymer being fonned is contiolkd by regiH 
laiing the molar ratio of MMAO U> orsanordununum componenU during die po- 
l)Tner{zatioa process. It has beeo sinprisingly fknind thai reguiaitng the molar 
ratio, based on the atumiimm content of each coeatidyst componaii. of MMAO to 

10 or^tnoahiminiun coRiponeab of ibe cocai&Iyst» it is pos«bl« to regulaie the rela- 
tive ;nrofxnuon of HMW to LMW polymer fractiom. and the melt flow properties 
of the polytncr. 

|0033| In another aspect, die imsent invention is ditecied toward catalysts for the 
producii<»i of potyolcflns, suitabtc for use in methods of the present invcntioa. 

ts I he catalysis iociudc bimetallic catalyst pieciinors, such tis catalyst precuisors 

including mcUlloccnc and nOT-inetalloccnc components, activated with a cocota- 
lyst. fn use, the non-mcialloeene component yields polymer having a rctalivcly 
higher average molecular >veighl (HMW), and the mclailoccnc component yields 
a polymer having a relatively lower average molecular weight (LMW). Catalysts 

20 of ih« present invention, therefore, produce polymer with a broad or bimodal rao- 
tecular weight distzibution attributable to HMW and UMW polymer fractions. 
{00341 Activuitm of cat^yst precursor is accomplished by connaing the catalyst 
precursor with a cocatalysi capable of activating both cumponenis of the 
Inmetallic catalyst precursor. In some embodtmenia, the cocac^si includes bod> 

2S ofganoaluminum and MMAO components. When the cocatalysf bidudes boUi 
OTganoftluminum and MMAO components, the cocaialyst components can be 
added in any order, Le., simultaneotidy. fitsi the organoalununinn componeitt, or 
first the MMAO component. The order and timing of addition docs not matter as 
long as both the organoaluminum and MMAO components arc prcsmt wiih the 

30 catalyst (or precursor ihereol) imdcr polymerization cooditioos. 

(00351 When the polymer to be produced is a polyethylene, catalyst piccursor is 
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contaacd with cocaialyst snd ethylene (snd optioiuilly oiie or more ct-olefin co- 
monomcts) under potymerizaiion condiuons to obuin the polymer. Before the 
poI>TTicri2adon pnxess is compleie, however, ai least oric process pamrnctor of 
the polymer is mcasiircd, such as by tcstir^ a saonpic of the polymer wiihdiawTi 

S &otD the reaction vessel. Based oo the value of the measured process parameter 
or parameiers. the ratio of organoaiuminuin componcm to MMAO component is 
varied, and the potymerization reaction is then pennitted to continue. One or 
more additional iterations of measuring at least one process parameter and varying 
cocatalysi ratio can be performed if desired. 

10 [(K136J As noted, polymen prepared using catAlyst compositions and methods of 
the preseni loveiHioa di^ay broad or btmod^ mtrfecular weighi distributions 
(MWDs). Any process parameter that indicates a controllable ehanK^nstic of the 
polymer may be used. In some embodiments, the process parameler is an indica- 
tor of (thoush is rrol rreccssarily a diied measure oO HMW or LMW fraction of 

I $ the polymer, or of polymer M WD. 

[OOyi] Melt flow ratio (MFR) is an indirtcl measure of molecular weight disni- 
buHoo. The term "MFR"* generally refers lo the ratio lu t/liit where hi t is the 
"Oow index" or melt flow rate of the polymer measured accoxding lo ASTM D- 
1238. cofwlitioo F, and iz,\^ is the "melt itxiex'* or meh flow nac of the polymer 

30 measured according to ASTM D-1238, condition E. The ratio of the rvvo indices, 

the MFR. can be an indication of the width of the molecular weight distribution, 
with a larger MFR values oiita hidicaiiqg broader MWD. 
{00381 While the above defmitios of MFR (I7ic^2.i6> is most common. "MFR" 
can be used generally to indicate a ratio of meh flow rates measured at a Inkier 

2i load (numcniior) to a lower load (dcnominanor). MFR is discussed herein using 
the particular melt flow rates measured at tonds of 21.6 kg (Izijb. the Clow index) 
and 3.16 kg (I2.16. the melt index); however, it should be appreciated, that other 
ratios of meh flow rates can be used as desired. 

{0039} Weight average molecular weight, Mw, and number average molecular 
jO w^ght, Mn, can be measured using gel permeation clttomatography CGPC), also 
Iciwwn as size exclusion chromatography (SEC). This technique utilises an instra- 
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men! containing columns packed with porous beads, an etui'ton solvent, ajod de* 
lector in Older lo separate polymei molecules of diiTerrni sizes, in a tj^jical 
measuremenu the GPC insironjcm used is a Waters chromaiograph equipped with 
atuastyro gel columns operated ai 145 *^C. The elution soK^ent used is crichloro- 
S benzene. The columns are calibraled using sivicen polystyrene standards of pre- 

cisely known mDlccuIar weights. A concbtion of polystyrene retention volume 
obtsiaed IhMn the standards, to the reiemion volume of the pi^ymer tested yields 
the polymer nwlecular vreisht. Avetage molecular weights M can be computed 
from ihe expiesvon: 

where Nt is (he number of molecules having a molcculsr weight M^. When n - Q» 
M is the number average molecular weight Mn. When n = I . M is the weight av- 
erage molecular weight Mw. When n » 2. M is Uk: Z-avcrage rmjieculjrr weight 
Mz. Tbe desired MWD fiinction (e.g., Mw/Mn or Mz/Mw) is the ratio of the «>r- 

15 respwnding M \-atucs. Measurement of M and MWD is well known in the art and 

is discussed in tnore detail in, for example, Sl^de. P. E. Ed., Fofymer Molecuiar 
Weights Part If, Marcel DcWccr» Inc., NY. (1975) 287-368; Rodriguez. F.. Friitci- 
pics of Polymer Systtms Srtl ed., Hemisphere PuK Corp.. NY, (1989) 155-160; 
U.S. Patent No. 4.540,753; Vcrstrate ei al.. Macromo/ecules, vol. 21. (1988) 3360; 

20 and references cited thcidn. 

{0040} The wdghi fraction of the relatively hij^er molecular weight polynwr 
component can be determined by calculating the area under the HMW portion 
obiaiaed from the gd penseation dvomatography ("OPCO chromau^raph rela- 
tive to the area undar the entire GPC chromatograph. (See also, U.S, Patent No. 

25 5,539.076. and rcfetences cited therein.) This \^right fraction is based on the sum 

of the higher and lower molecular weight polymer components, so that: 

where Xk.mw otid XtMvi tlws weight fractions of higher and lower molecular 
weigh! polymer components, respectively. It should be understood,, therefore, that 
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drtermining Xiimw automaUcaUy detsnntnes XtMw, and vice versa, and compar- 
ing a roeasurcd Xmmw to a target Xhmw u al$o neccss<tn)v comparing I minus 
Xhmw C'-*^- ' Xlmv) w • mimtt a target X}«^. 

10O4J 1 Generally, melt flow rales such as the flow index (hi.t> ore convcnicni 
5 process parameters, because determtnauon of a melt flow rate is both easy znd 

fast. GPC, vrbi'le also useful in the |a«sent invention, is ecneraily less prefened 
because or the relatively more time; difficulty, and expense fbai a GPC measvns* 
mem takes. 

[<}ftl2| As an tUustrative example of tbe method of dte present invention, siqjposc 
10 dial for a panicular appiicaiton^ a taxget Oow index hi t is selected. A catalyst 
preotfsor (discussed in more detail below) is selected. Under gas phase polymeri- 
zaiioA conditions, ibe catalyst precursor is activated and contacted with the 
monomer or monomers (not necessarily in that order) to begin polymerization. 
Afler polymerization is perroitted to proceed for about one bed turnover, a po!y- 
15 mcr sample of about 100 g »s wiihdravvn &om the reactor, ami the llow index of 

the polymer is mcasmed. If the measured tlow index is higher than the target 
value, then it is de&ired to reduce tbe wet^t fraction of the LMW polymer cora- 
poocnL Accordingly, the ratio of organoahiminum component to MMAO compo- 
nent is decreased, and the reaction allowed to proceed. 
20 |0043| On tbe other hand, if the flow index is lower than the target vsliie. then it 
n desired to increase the wdght &aciion of tlie LMW polymer composeiu. Ac- 
cordinsly, the rfttio of crganoaluminum component id MMAO component is In* 
creased, and tlie reaction allowed to proceed. The process of allowing polymeri- 
zation, measuring a product parameter such as flow indent, and adjustii^ the or- 
is ganoaluminum componem to MMAO component latto can be repeated as de- 
sired, providing "leaJ^time" control of the polymer parameters. 
{0D44| When MFR is used as a product parameter the MFR wiJl initially increase 
(MWD w,iU broaden) with an increase in oi^anoaluroinum component lo MMAO 
component moJar ratio, bui as ibe ratio is ftinhcr increased, MFR typically go 
30 through a maximum then begin to decrease. While not wishing to be bound by 
theory, this is believed to be because the cHQciency of the mctallocene catalyst 
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compoacni increases, and evcntutilh|r dominates as coaapared to the iioo-n)cta!lo> 
cene catalyst compoocnu Even after the MFR begins to decrease (after initially 
tncrcasingX boih the w^cighi firactioo of the LMW poiymtrr componem, and meh 
flow rates such as the flow index^ will condnue lo increase. Thus, in some an- 
S bodioienis, MFR is used as a product parameter in conjunction with at least one 
additiooal product parameter, such as a melt flow rate or bi^h or tow- molecidar 
weight iiaction. 

|004S| Those skilled io the art will lecograze thai the nxtio of orgaRaahnninum 
component to MMAO component can be varied by changing the anoont of either 
10 componenl or of both components, ^ujuba method of adjusting ihe noio ts sim- 
ply by sii(£ng addittcnal amoums of eiiber cocatalyst component to the reaction 
vessel. One skilled in the an will recogiuxe thai the ratio can be changed by other 
methods^ as welt as combinations. 

10046] The catalyst precursor can be prepared by combining a oon-meiallocene 

ts component, such as one including Ti. and a mctailocene component, such as one 
including Zt, with optional addition of mcthylatuminaxane (MAO), optionally 
foUo\ved by drying the catalyst precursor. Suitable catalyst precursws include, 
but air not limited lo, those disclosed in U.S. Patent No. 6.001,766. 
|0047] When the non-metal locenc componenl inchides titanium, the titanium 

20 component may be obtained by any koov.-n method, such as the litamiuni compo- 
nents and methods shown in U.S. Patcnl No. 6,001,766. In one embodiment, the 
Ti component can be obtained by reacting salica sequentially with an alky I magne- 
sium compound, dten an alcohol, and then a riunium compound. 
|004S| Canier materiak for preparing catalyst precursors accoeiling to the present 

25 invention indiKte sc^id. porous carrier materials, and may include carrier materials 
disclosed in U.S. Patent No. 4,173,547, the disctostirc of which » incoiponitcd by 
reAirence herein in its entirely. Such carrier materials include, but are nov limiied 
tOy metal oxides, hydroxides, halides or other metal saltx. such as sulfates, carbon- 
ates, phosphates, silicates, and combinations thereof, and may be anwrphnus or 

30 crystalline. Some suitable currier tnateriak iucludc silica, atusitna and combina- 
tions thereof. Carrier material particles may hove any shape, such as approxi- 
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ma&ei)- sjrfuerical, as. for example, spiay dxioi silica. 

{00491 Cairier mateiials am be panic les, the optinrnm si7e of which can easily br 
established by one skilled in the art A earner materiaJ thai: is too coane may lead 
to uaDivombIc results, such as low bulk density for the polymer po\vder. In par- 

5 tjcular embodiment, carrisx materials can be parlicies wlh average Uiameter less 

than 250 jun, or less ihan 200 urn, or less than 80 lun. The lower liinii foi carrier 
malerial panicle size is limited mily by practical consideralions, such as cost of 
fnaouiacture. Tyf^cal canter materials can be panicles with average diameter 
greater than 0. 1 Mm, or greater Ihan S pm. or greater than 10 (im . 

10 {OQSO| Carrier material can be porous, as porosity increases the surface area of 
the carrier material, which, in turn, provides more locaticms for reaction. Tbt spe- 
cific surflKe areas can be measured in scconlanoe with Bxiiish Standanb B5 4359, 
volume I (1969). the disclosare of which is incorporated by fcfercoce herein in Us 
entJicty. The specific suilace area of carrier materials in some embodimeais is 

IS greater than 3 mi^/g, or greater than 50 m'/g, or greater than I SO nnVg, or greater 

than about 300 roVg. There is no panicular upper limit to carrier materia! specific 
surface tarca, but available products have specific surface area gerenilly less than 
about \ 500 m^/g. 

100511 The tnternol porosity of carrier material can be reprcsettted as the ratio of 
20 tte pore volume to the wtHght of the material, and can be detcmuned by the BET 
technique, such as described in Brunauer et al.. Journal o/ the American Chemical 
Society^ 60, 209-319 (I938>, the disclosure of which is incorporated by reference 
herein in its entirety. The internal pon>sliy of carrier material in some cmbodi- 
ments is greater than 0.2 craVg, or greater than 0.6 cmVg, with no prefened upper 
2d limit oti carrier material internal porosity, which, as a praaical matter, is limited 
by pitrticic size lo sbovil S cm^/g. 

|0052| Examples of suitable carrier material include silica, such as am<Npbous 
silica, partkularly hi^ surface area amorphous silica. Such carrier materials are 
commercially available from a number of sources, and include Davison 952 or 
30 Davison 955 grades of silica (surface area of 300 m'/g and pore volume of 1.65 

cm'/g) stq^lied by the Davison Chemical Division of W. R. Grace and Company. 
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find ES70 silica fruni iccps SiHcuS. 

|O0S3} Became organometafHc compounds used in ctxaintng catalysts and cata- 
lyst precin^ois of th« present invendon may react ^iih v.'stcr, earner roaxeriaJ used 
is generally st^tantiaJly dry. Woter that is phystcaily bound to the carrier male- 
s rial can be removed, such as by calcinadoo, piior to formins caialy^ precursor of 
the present invention. 

|00S4| Dcemplary coicioed carrier material can be carrier malertal cboi has been 
caleined at lemperatures tu^ier than 100 *C> or hi^ier than 150 *C, or higher than 
200 To avoid suuering of the carrier material, calcination can be done ol a 
10 tctiqperatxtre less than the stnteririgtempentcuTe of ifaecanierrnateriaL Calcinaiion 
of a cairier material such as siJica. is conveatently done at temperatures of less 
than 900 »C or less than 850 "C. 

|005S) Any organomagncsium compound can be u:>ed when preparing a catalyst 
precursor for iise in the present mvcnlion. Some suitsbic organonwgncsmm com- 

15 pounds include those shown m U.S. Patent No. 6.001J66. Oiganonu^ncsiuni 
compounds used in the present in\'cmion preferably include nl least one dialkyl- 
magnesium compound, such as compounds of the formula R^mMgR^ot where R* 
and arc independently selected ali^mic or aromatic hydiocarbons (e.g., alkyt, 
alkenyU alkynyU aryl groups, or mixtures thereoO which nuiy be straight chain, 

20 branched, or cyclic; and when m»2 or I, and m-m»2. In some embodimeitcs. R' 
and each have 2 or more carbon atoms, or 4 or m<Ke carbon aloms. In some 
embodiments, r' and each have 12 or fewer carbon atoms, <» 8 or fewer car- 
. bon atfxns. Exemplary dtatkylmagnesium compounds include n-butytcthylmag- 
nesium, dtbtay I magnesium, di-n-hexylmagncMum, and n-buiyl-AhOctylmagne- 

25 sitmt. 

f0056| It will be vmderstood by those skilled in the art thai oiganomagnesium 
compounds (as well as other compounds disclosed herein) can be mixtures of 
more than one chemical formula. For example, dibuiylmagocsium, or DBM 
(available from FMC, Gasionia, WC), is understood to incli>de a mixture of »-bu- 
30 lyl magnesium, .r^fc-bmyl magnesium, and n-octyl magivfsium. It is also believed 
dot sonoe organomagnesium compounds from Akzo Nobel (Chicago, IL) may 
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contain some 

|0057J Any alcohol, generally of fonTiula R'OH, may be used when prtpariag a 
catalyst precureor according to ibe prescni inventioru Prelerrcd olcohote have 
R'O- gfoups M-hich axe capable of displacing alky] groups on the magnesiuin 

5 atom. The inchision of the sicobo! step in the c&talysi precursor synthesis pm- 

dtices ft catalyst which, relative lo the catalyst prcpaied without this step, 15 mote 
active, requires less inins&ion loelal of the noo-moalloccne compound, and does 
not interfere with the pcrfon-nance of the meiallocene coir^xmcnt in the catalyst. 
|00$8| The R' group contMns at least one carbon atom, or at least 3 carbon ctoms 

10 or at least 4 carbon atoms. In some emhndinients, the r' group can contains up to 
1 2 carbon atoms or iq> to 8 carbon aioms. Suilabie alcxrftols indude. but are not 
limited to» methanol, ctband, i-pnopanol, tsopiopanol» l-buianol, tsobulan^ o- 
octanol, dodecanol, and 4-e(hyl decaiwl. 

[0059] The non- metal loccnc component of a transition metal inc hides al least otic 
IS compound of a Grotip 4 or Group 5 transition metal, such as thansuni and vana- 
dium. Suitable non-metallocene componeots indode those shown in U.S. Patent 
No. 6,001,766. 

{0060] When a titanium non-nKtaltoceoe cmnpound b tiscd, the litanttmi com- 
pound can be a co^^x»lnd having empirical formula 

20 

wliere each R* is an indqjendently selected Cr-Cia alfcyl, alkenyl or allcynyl 
grot^, which may be straight-chained, branched, or a combination thereof; y is 

25 gieater than or equal to I; tuid x^y* the valaiKC oT the titanium, i.e., 2, 3, or 4. 
Suitable titanium compounds include those shown in U.S. Potent No. 6,001,766. 
{0061] Nun-limiiing exmnples of such compounds include titanium halidcs, such 
as titanium tclrnchloridc, titanium alkoxides whcreio the alkoxidc moiety contains 
an alky I radical of 2 lo 10 carbon atoms, and mixtures thereof. TiCL, can be pur- 

30 chased from a number of supplier*, including, for example, Akzo-Nobel and Al- 
dttch. 
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{00621 By way of iHustniiion, a sutlable lilaniufn con^nent be fscpared as 
ttdkrvb-s. Silica, such as Davison gtade 955 sOtca, whidi has been odctned &) 
about 600 *C for abom 4 horns cndrr rotrogen flow, b shinied inio an aliphatic 
hydrocarbon socb as tsopcntanc. isohcxane. hcptaoe, etc. The silica slurry is then 

5 heated to about 50-55 "C with siiiriog. At about 50-55 oi^anoroasncsium, 

such as» dibutyima&nesium (DBM): alcohol, such as l>buianol. and titanium com- 
pound, stsch as TiCU. are soquentiaDy combined N^-ith the sluny. After the addi- 
tion of each reagent, the mixtune it stirred for about 1 hour. Finally, Uic liquid 
lAasc is removed under nitrogen flow st aboot 50 *C. to yidd a free-flowins pow- 

10 der. 

[0063] As exptained in U.S. Patent No. 5 J36.652. the disclosure of which b in- 
corporated by iclerenee herein in its entirety, the amount of orgonomasnesiufo 
compound can be sufliciait to react widi the canter, the odded alcc^l, and the 
lelmvaleoi liianium compound, in order to incorporate a calalytically cfTcctivc 

IS amoum of titanium in the carrier. The amount of organoovignesiun> will genemlly 

be ercater than 0.2 nunoL^g. or greater ihon 0.4 mmol/g, or greater than 0.5 
mmol/g, where the amount of organonnagnesium compound is given as 
(ounol Mg/g carrier matenal). It is preferred not to add more oiganomagncsium 
compound (ban ^-ili be physically or chemical}y deposited into the support, since 

20 any e^tcess of the organomagncstitm compound in the liquid phase may rcaci wiih 

other chemicals used for the catalyst synthesis and precipitate them outside of the 
suppon. The amount of organofnagnesium compotind will generally be less than 
3.0 mntoUg. or less than 2.2 nunol/g. or less than 1 .5 mniDl/g. 
|0064| If too little alcohol is used, then the cualytic activi^ attributable to the 

2$ alc(^(^ will be limited. Thus, the anwuni of alcohol will generally be greater dian 
OS mmol/nunol o^moraagoesium» or greater than 0.8 ofimoi/mmol ocganomag- 
ncsium. Too much alcohol, however, may react with other residual umeacted 
reagents. Thus, the amount of alc<Acl will generally be less than 2.0 mmol/imnol 
organomagnesium, or less than 1 .5 mmoiymmol organomagnesium. 

JO (0065} The reaction ibllowing addition of alcohol is typically carried otil at a tem- 

perature above 25 'C, or above 40 *C. and below 80 *C. or below 70 'C. 



A 
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10066) Because tiiamum serves as the aciivc site during polymertzation. the 
amount of liianium compound can be as much as is needed to get a sufficient level 
of aciKity. Thus, ihe amouni of titanium compouod will gcoienilly be greater than 
0.1 miRoI/g, or greater than 0.2 mmol/g, or grcaifr than 03 mmot/g, where die 

5 amount of dtanium compound is given as (mnwl Ti/g carrier material). Od the 
other hand, too mncb titanium compound may be deirimcotal. since excess is 
wasted, and rnay also reset with other residual unresned reagents. Moreover, 
high levels of Ti in the polyma- may advervly afTeci polymer pn^nerues. Thus, 
the amount of titanium compound wiu genenOly be less than 4.S mmot/g, or less 

10 than 2.5 mmol/g, or less itao 1.5 mmol/g- 

10067} The mctalloccne component of a tranntion metal inchtdes a compound of 
a Group 4 tranution mctaL such as meiallocene compounds of ziiconium.. titanium 
and hafnium, preferably zirconitmi. Suitable meiallocene ciMnponenis include 
ifiose shown in U.S. Potent No. 6.001,766, 

15 |0068] The metaUoccnc compound may be c^tatned by any known method. In 

some embodiments, the metal locene component is obtained by reacting trialkyla- 
himimim with a Group 4 transition metal compound of formula: 

(R's— Cp>:MCl2 

20 

xvhere M is a Group 4 transition metal, Cp denotes a cyclopcruadicnyl group aod 
each R' is independently hydiogea or C|-Cio alfcyl. The cyclqpentadienyl group 
may be unsubstitutcd (each R' is hydrogen) or substituted {at least one R' is oUier 
dian hydn>gen}. FurOter^ the two R'— Cp groups may be independeady selected 

25 and need not be ideDiicaJ to each other. Mixtures of roetallocene compounds may 
also be used. Trialkylaluminum compounds include compounds of formula 
R'jAl, where R" is a Cs^Cjo alkyi, such as methyl, ethyl, tsobutyi, n-octyl, etc. 
Mixtures of trusJkylslumimun compounds may also be used. 
{0069] One st: tiled in the art can obtain a metalloccoc component for use accord- 

30 ing to the present invention in a variety of ways. By way of illustration, a Zr 

eompoiwnt may be prepared by reacting (R'$-CphZfCl> wtdi R'jAl in a hydrocar- 
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^0070) Before ibc metallocttne comporiaf)t i<» coatacted wiib the oon-mewlioccnc 
componcni, in one embodimcm, tlw mciallotxne compontni is contacied with an 
aJkytatuminum compound, such as a triaJkylahimiaiim. as shown in U.S. Patent 

5 No. 6,001,766. 

100711 The mctailocenc and oon-meullocene components are combined by any 
owthod. For exsmple. the resctKm product solution of the mctalloccne component 
can be comUned with a duny of the non-fnetaHocene componcni in ax> aliphatic 
faydiocBibon « 50-S5 ^C. and the mixture then stiired for about I hour. 

10 100721 DtiriDg pnpantion or the tnineia) Ik catalyst precwison. MAO. optionally 
dissolved in a solvent such as tottKoc, is cpcicnaUy combined with the metatlo- 
ccne and non-nKialtocene compwtents, and the mixture stirred for about I hour ai 
50-55 'C. Addition of MAO is especially suitable when the metallocene compo- 
nent includes unsubstilutcd cyclopeatadicnyl groupa (R is hydrogen). The liquid 

t5 phase may then be retno^'ed. such as under nitrogen flow at about 50 ''C, lo yield 

catalyst precursor, which is preferably a free-Oowtng powder. 
10073) Activation of catalyst precursor may be undertaken prior to introduclion 
into the polymerization reaction vessel, or in ibe polymerization reaction vessel. 
I0074J IIk organoaluminum cooiporKnt con include an organoaluminum cora- 

70 pound, as described in U.S. Patent Ho. 6,001,76& Particular cocatalysts include 
oreanooluminum compounds having empirical formula 



25 ^^lere is an organic radical as described below; X is a halide; a is an tmeger 
Irora 1 CO 3; and aH+c^3. The R' groups are iiKlcpendcntly selected alkyi or alk- 
oxy groups which may be straight chain or branched, sat\uated or unsaturated. 
The ^oups preferably contain 30 or fewer carbons> or lO or fewer carbon at- 
oms. Hon>liniiting examples of suitable compounds having the above empirical 

>o fumiula include trtalkylaiuminum compounds, such as irimethylaluminum, trieth- 

ylaluminuni, trtpropytalimiimim, Iribuiyialuminum^ triisobutylaluminum, trihexy- 
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ialumimun, iriociylaluminuii, diisobutylhcxylahimmum, and tsobutyUfihexjrIalu- 
minum; alkyl ahimiamn h>'diides, such 05 dit^buiylaluminum hydride and dibcx- 
ylaiuminum hydride; aikylnUcoxy organoaJummuin compotmds; and halogen- 
conoaotng organoaluminum compounds^ such os dicihylahiminum chloride and 
s diisobuiylaluminam chloride. 

(00751 Triethyialominuin may also be used, bin because Hz is a strong poison for 
iriediylaluiinnuni, ose of irietlq>'laluniiaum is less suitaUe u4ien H2 ts used as a 
chain transfer agfrn. 

(00761 MMAO (modified nielhybhiininoxane) compojients useful tn die fseseni 

10 invention tncltide the MMAOs disclosed in U.S. PaasM Ko. 6,001 ,766^ whcxeia 
they arc generally referred to as "nikytaluinijioxanes'^ or more ^xtnflcalty as 
"modified mediq^aluininoxanes.'' In some embodiments, the MMAOs are at (east 
parrialty sohibie or collotdatly suspcndible in ali|rftatic$ (alkancs, a&enes, and 
alk^nfics) of about 4 to !0 carbon atoms. The modifj-tng groups may include 

11 methyl groups, aixl preferably include allcyl groups hi^vdng about 2 to S carbon 
otoms. MMAO cmxtvres may also be U5cd, e.g., roixmres inchiding linear and 
oon-lincar {eg. cyclic) MMAO, and/or mixtiircs of MMAO that predominate in 
different oligomers. 

100771 MMAO is comnKrciaUy available at a e<mceninxtion of S wtH Al or less 
20 in pofs&lnic solvents (isopentane. hexane, heptane. etc.X These commercial soit> 
lions or suq)ensioRS arc generally clear, but doudlness is not expected to affect 
performance, or lead to difHcul^r in feeding the MMAO into the reactor, h is not 
expected thztt there should be any criticality on the particular MMAO sdectcd. 
10078] Any effective omouni of the eocaiolysi components may be used in meth- 
2) ods of the present invention. In general, the molar ratio of orgaDO«diiiniaimn com- 
ponent to MMAO component will be in ilie range of 0. 1 to 50, or 0. 1 10 50. based 
on the aluminum content of each coca!a]y!;t component. 

1007.9} Catalysts of the pre&eni invention may be used in any type of polymeriza- 
tion or copolymer! zation process, including, for example, nuidi'^cd^bed, shjm', or 
30 solution pwcesscs, such as for olefin polymerization or copolymcrizBtion reac- 

tions. 
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lOOS&l The cboioe of nKKwmcrs usetl in a polymeiizaiion according lO ihc present 
invemion can be made by one skilled in the art based on ihe type of pdyolefin to 
be i^oABced. Ptolyeihyfenes. for example, may be poduccd by polymerizing eth- 
ylene, optionally in the pitscDCC of one or more higher olcfeas, such as one or 
S more ulpha-otcfjns. Suilable alpha-olefms include, for examine, Cr^io aJpha- 
olefins* such as propylene, l-butcne, l-hcxcne, 4-aicihyI*I-penteoe. and 1-ociene. 
Mixtures of sJpha-olefins may also be used. 

|008l ) Hydrogen can be used as a chain transfer asent in the potymerizatton re- 
acticm with the catotysts and methods of the present inveoiion. Other reaction 

to condhtons beio& the same^ a greater amount of hydrogen decreases the average 
molectdai weight of Ihe polymer. The ratio of hydros^* to monomer mU vary 
depending on die desired aveiage molecular weight of polynaer, and ean be deter- 
mined by one skilled in the art for eadi panicular application. When ihe desired 
polymer is polyethylene or an eihylenc copolymer, the amount of hydrogen will 

L£ getwrally be from 0 to 2.0 moles of hydrogen per mole of ethylene. 

[00S2J Polymerization temperature and time con be determined by one skilled in 
the art based ott a number of fiictors. such as the type of polymcrizntion process 
and the t>'pe of p<j]ymcT to be prepared. 

{00831 Pofymerization temperdture should be high cnou^ to obtain an acceptable 
20 polymerizition laie. In general, pol)mierization temperatures are greater thui 
30 K., or grcsicr than 75 ^C. Oa die other hand, pol>-meriz8tion temperature 
should rmt be so high as to cause degradation of catalyst ct i>ol^»er. Specifically 
with respca to a Hoidized-bcd process, the reaction temperature is not so high as 
to lead Co sintering of polymer particles. In general, polymerization temperatures 
25 arc less thw 300^, or less than llj*^, or kssihao 105 "C. 

fOIKMj As is gcrtCFally kAO\Mf), poiymers such as polyolefins may be polymerized 
at tentpcraturcs that arc partially determined by die density of the desired pmduct. 
Thus, for example, polyethylene resins having densities below 0.92 g/cm^ are 
typically polymerized at tempcTatiires from 60-90*C. Polyethylene resins having 
30 densities of 0.92 to 0.94 g/cro' are polymerized at temperatures from 70-100 "C. 

Polye^lcne resins having densities above 0.94 g/cm' are polymerized at tern- 
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pcnturcs fram 80-1 15 *C. h should be appreciated that these tem p c iai tues and 
densities are approxin»te and are given for illustnitive purposes only. 
IOOSS| When a flutdized'bed reactor is used in a method of the present invention, 
one sidtled in the «t is reatijiy eble to determioe appropriate pressures and other 

5 reaction conditions. Fluid! zed-bed reactors are typicaJIy opertxtcd at pressures of 
up to about 1000 psi (7 MPa). and are gezteraity operated at presstires bciow about 
350 psa (2 MPa). Typically, a fluidizcfl-bcd reactor is operated ai a pmsure above 
about 150 psi (1 MPa). As is known in the art. operation at higher pressures &• 
vors heal iransfer because an increase in piessure irtcreases the unit volume heat 

10 o^Kunty of tfte gas. 

(00S6| OiKc the catalyst precursor is acrivaicd, the activated catalyst has a limited 
lifettme before it becomes deactivated. As is known to those skilled in the art, the 
halMife of an tictfVB&:d catalyst depends on a number of factors^ stich as the spe- 
cies of calsJyst precursor and cocctalyst, the pressmce of impurities (e.g.. wtitcr or 

IS oxygen) in the reacti<m vessel, nnd other factors. An ai^xopriate length of lime 
for csirying out a polymerization reaction can be determiDed by one skilled in the 
art for each particular situation. 

|0087| Catalysts aod methods of the present invention can be used to prepoie 
various types of polyolcfuis, such as potycthylencs. including high density poiy- 

20 ethylene (HDPE) and lirtear low density polyethylene (LLDPE), An LLDPE resin 

typically has a density of less than about 0.94 g/cin\ whereas an MDPH typicdly 
has 0 density of more than about 0.94 g/cm^ An HDPE is prepared from a feed- 
stodc vinxh a high pmporttMt of ethylene and only small amounts, typically up to 
about l.S mol%, of higher olefin. As the level of higher olefin in the feedstock 

2S increases, more higher olefin is incorporated into the polyoleHn. which inteiferes 
with formation of dense crystalline legions. Thus, higher olefins may be used to 
obtain LLDPI^ as the higher olefins decrease the density of polycihylenes. 
|008flt As is known in the art, the higher alpha-olcfins tend to be less reactive 
than ethylene, and so are generally incorporated into a polymer at a lesser mole 

^a fraction than their mole fraction in the feedstock. Piuiher. each catalyst incorpo- 
rates higher olefins at a rale specific to the catalyst. This property of the catalyst 
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coinposiucn is referred to as "higher alpha-oieiin incorporolion proparty" and U 
usually measured by tktennming Ihc ammait of a higher olpha-olcfin (e.g., l-bu- 
leoc l-hcTcene or 1-ocicnc) required in dse polymerizaiioo process, e.g. fluid-bed 
reactor process, to produce o copohTncr of eihylcnc and the hii^ber alpha-olefin 
5 having a given density. It is a matter of ordinsiy experimentation to fJetennine 

wbai leveh of biehcr olefin ia the feedstock are requbed to produce a pf^yolefin 
of a dcarcd deRsiiy from a particular catalysi and faigber otefia 
I00S9I As noted above; higbcj olefins are opiioaally included in the monomer 
feedstock to 8d)tist polymer properties* such as. Thus polyetbylcnes produced 

(0 with catalysts and methods of ihc present tnvemioo include pcdycthylene homo- 
pc^tners, as ^-cll as polycthyTenc copc^ymers, where the tcttn 'copolymers* in- 
cludes tapolymers and higher poiymos. Polyethylene homcpolynoers prepared 
with catat>'si5 and methods of the present invention arc typically HDPEs. Poly- 
ethylene CO- qikI higher«polyniers nviy be HDPB or LLDPE, dcpcndinfi on the 

15 amount of higher olerm incorporated from the feedstock. Particular examines of 

polyethylene copoI)TDcrs tncJude. but are not limited to, cthylcnc/l-buicnc co- 
polymers, ctl>ylcnc/l-hexens copolymers, eihylcne.'4-mcthyM -pentene copoly- 
mers, ethy?cne/l-butcne/l-hcxcnc terpolymcrs, cthylcnc'pfopyfenc/l-hexenc tcr- 
polymers and ctbylene/propylene/l-butene leipoiymers. 

20 |0090| Cauilysis of the present invention preferably have activittes greater than 
about 1000 grams poiyolefin/ giam catalyst, so that the deactivated catalyst 
(which was obtained from the acclva^ catalyst) does not need to be removed 
before further processing of the poiyolefin. Thus, polyolefms prepared according 
to the present invention generally inclwfe deactivated catalysi. 

2S 

EXAMPLES 

j0091| The present inveniion will be further iikistrated by way of the following 
Examples, which, among other diings. describe syntheses of catalyst precursors 
and catalysts of the present invention, and the use and evaluation of catalyst sys^ 
30 tems of the present invemion in ptiIynieri'Aaiion reactions, 'fhc.se examples are 

non-limiiij^ and do not restrict the scope of the inveniion. 
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(0092 1 IMess. stated oihenvise, all pcfcentaen, pans, etc presentsd in ihe exam- 
ples are by weighi. 

Example I : Precwaiipn of Titanium COmponeni 

S {0093] Davison gmde 955 atica (6.00 gX which had been calcined ai 600 ""C un- 
der futrogen (low for 4 houis» was jdaccd into a Schlenk flasic Isohexaoe (-100 
mL) was then added to the flask, and the flask was placed into an oil baUi (S5 
Dibiflylmagpeuum (DBM) (4.32 mmoO ^vss added to the siizred silica sluny ai 
SS *C, and stirring was continued for I hour. Then, l-bntanol (4.10 mmnl) was 

ID added at 55 "C and the tnixtiue stirred for 1 hour. Finally. TiCU (2.592 ounoJ) 
was added at 35 *C to the reaction medium and stirring was continued for I hour. 
Iht Kquid phase was lexnoved by evaponiiion under nitrogen flow to yield a free- 
flowing powder. 

15 Example 2: Preparattoa of Catalyst Precufscy 

{0O94] Powder prepared according to Example 1 (2.00 g) was ceslurrted in iso- 
hexanc (-50 mL) and the stuny was heated to 50 *C. A 2r comjMex was prepared 
by reacting triisobutylaluminuni (0.80 mmol) in heptane (-1 niL) with CpjZrCIa 
(0.056 mmol, 0.0164 g). The solution of the Zr complex in heptane was added to 

30 dicduny. 

|0095| After ^Inring the mixture at about 50 *C for about 1 hour, the liquid phase 
was removed by evaponuion under nitrogjcn flow lo yield a free-nowing powder. 
Weighi percent ofTi and Zr were found to be 1.63 and 0.23, respectively. 

25 Example 3: Preparation of Catalyst Precursor 

10096} Fo^vdcr prepared according to Example 1 (2.00 g) was rcslufricd in iso- 
hcxane (-50 mL) and the slurry was hcaied to 50 "C. A Zr complex was prepared 
by reading triethylahuninum (0.80 mmol) in heptane (M).5 mL) with CpiZrCh 
(0.108 mmol, 0.0316 g) in toluene. The solution of the Zr complex was ackfcd to 

30 tbe durry. 

|0097| After stimng the mixture at about 50 *C for about 1 hour. MAO in tohjene 
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(3.00 imTX>l) «iB added to the slurry. Afler stirring ihe cnkture U sboiu 50 *C foi 
about tivDfc \ hour, ihe liquid fitase was removed by evaporation under nilrogcn 
(low to ykid a free-flowing pov«der. Wdght percent of Ti and Zr wwe fouixl to 
be 1 .53 and 0.42, respectively. 

5 

Examples 4 to 8: Polyinerijation Reactions 

10098) Ethylene/1 -hexenc ccpoiymers were prepared wiih the bimmlHc catalyst 
precursors and the cocatalyst mixiuie of TMA (trimeihylalumioum) and MMAO 
in slimy polymerization fcactiofts. An example 13 given below. 

10 10099} A 1.6 L stainless steel mtoclave equipped with a magnet-drive impeller 
stiner was niied \vith heptane (7S0 mL) and l-hexene (30 mL) under a stow m- 
trogpr pur^e at 50 *C, and dien TMA and MMAO were added. The reactor vem 
closed, the sdning rate increased to lOOO rpm, and the temperaiure increased 
to 95 The internal pressure was raised 12 psi (83 kPo) with hydrogen and then 

15 dhylene was introduced to maintain the total pressure at 204-21 1 psig (1.41-1.45 

MPo). Next, the temperature was decreased to 85 "C, 20.0-30.0 mg of the 
bimclalltc catalya precursor was introduced into the reactor with ethylene over- 
pressuxe, and the lanpcrature was increased and held at 95 *C. The polymeriza- 
tion reaction was carried out for 1 hour, and then the ethylene supply was stopped. 

20 The reactor was cooled to ambient lemperature, and the polyethylene collected. 

lOlOOl The slurry polymcriralion results using the catalyst precursor of Examples 



2and3a 


re given in Table 1. 

Table 1 








Exampfc: 


Ca!a>yu Cocatalysi Mixuffc 
Precursor TMA (ramol At); MMAO (rnmoJ Al) 


Produclivity 
Cg/Rhf) 


Hi* 
(j/JOmtn) 




4 


ExampJc 2 TMA (0); MMAO (2.4) 


5110 


J.7 


0.93 


5 


ample 2 TMA (1.2); MMAO {2-4> 


6030 


S.2 


0.69 


6 


Example 2 TMA (2.1): MMAO (2-*) 


6190 


18.7 


0.59 


7 


iUamplel TMA (0); MMAO (2.0) 


3S30 


3.9 


0.88 


S 


Examples TMA (2.0>; MMAO ^.0) 


7010 


26.6 


0.59 



23 |0I01] Xhmv is the weight fraction of tlie HMW polymer component estimated 
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based on deconvolution ofGPC data. The CPC chromaiograi^ foi ihe polymers 
of Examples 4 to S arc shown in Figures 1 lo 5. respectively. 
|01Q2] TTie sJuny data show thai incrtasing the amount of TMA from 0 lo 1 .2 to 
2.0 lo 2.4 inxsol ia the cocatalyst mixiure at a given MMAO loading (2.4 or 2.0 
J mmol) resulu in nsins with a higher now index and lower Xnstv. indiciitive of 
higher 21f cfltctcncies. The ca!cut&ted Zr and Tt efTKicncies for ihc caizlysi ^s- 
tents of Ttabic 1 are shown io Table 2. The efltcteocy is given in imits of kilo- 
grams of polyethytene per gmm of metal (Zr or Ti). 

Table 2 



Example 


Catalyst 
Precunor 


Cocaulysi Mlxiure 
TMA (nirr.ol Af); MMAO (owiol Al) 


Zrefnckocy 


Ttcfliekncy 
(kgPE/gTi) 


4 


Exosiplc 3 


TMA (0); M.MAO (2.4) 


155.5 


291.6 


5 


Example 2 


TMA (1.2); MMAO (2 4) 


8JX7 


255.3 


6 


Cx>inpte2 


TMA (2.4); MMAO (2.4) 


1228^ 


249.4 


7 


EA3flipte3 


TMA(0):MM-AOaO) 


100.9 


203.1 


I 




1 MA (2.0); MMAO (2.0) 


614.6 


270.4 



10103] The Zr efHciency is very dependent tq;x>n the TMA loading in the cocata- 
\ysx mixture^ whereas the Ti efikien^ remains in the 200-300 kg PE/g range 
whether TM.A is present or not. Using MMAO alone as the cocatalyst results in a 
Zr efTiciencv of less than 200 kg P£/g Zr, but for a cocatalyst mixture of TMA 
IS and MMAO, the Zr efficiciicy increases by greater than 500%. 

Example 9: Polymerization in Fluidi^ed-bed 

\(n04\ A rtrsin sample was prepared in the fluidized-bed reactor wjjh the catalyst 
precursor of Example 3. The process conditions and resin characteitstics arc 
20 given in Table 3. 
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Table 3 



Process Coodiucms 



Ethylene partial pressure, psi (kPa) 


1 54 (1060) 


Isopentaae paitia} pccssuie, psi (kPa) 


29.6. p04) 


l-heKene/ethyl«ne mole ratio (gu phase) 


0.0076 


H]/cthyteiK mole ratio (gas phase) 


0.0221 


Bed Temperatvrev *C 


as.o 


MMAO, ppm 


'90 


TMA.ppm 


152 


Overall Productivity, kg PE/kg caialysi 


7688 


Zr efliciency, kg PE/g Zr 


787 


Ti eflkiency, kg PE/g H 


286 


Re»n Characteristics 


Flow Index (In. 6) g/IO min 


13.9 


MFR(ia..«/lM6) 


no 


Density, g^^ 


0.952 



[0105} While the invention has been described in connection w^ih certain pre- 
ferred embodiments so that aspects thereof may be more fully understood and 
5 appreciated, it is not intended to limit Ihc invention to these particular cmbodi- 

mcnis. On the conttaiy, it is intended to cover all alternatives, modtficaiions and 
equivalents as may be included within ^ scope of the iirventian as defined by the 
appended claims. 

|0106) All patent^ test procedures, and other documents cited herein, including 
10 priority documents, arc ftilly itKorporaied by reference lo the extent such disclo- 
sure is not inconsistent with this invention and for all jurisdictions in which such 
incorporation is penniilcd. 
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What is claimed is: 

1 . A process for producing polyoleiio, the piocess cocnprtsing: 

(a) fxtmbining a catalyK imctirsor and a cocalidysl, the catalyst pre- 
cursor comprising a bimetallic csiaJyst precursor comprising a 
Don-metallocene compound of a iransition mctiil and a metatloccnc 
compound, and the cocaialysi comprising an organoaliuDtniun 
component and a modified methylaluminoxanc component, to <^ 
tain an activated catalyst; 

(b) contacting the accivaxed caialy« mih Qlefin monomers under po- 
lytnoizaiioo conditions to form polyolefin; 

(e) detemuning at least one product paramcicr of the polyolefin: and 
(d) varying ibc ratio of orBanoalumtnum coinpotteni to modi fied meili- 
ylahsninoxajie component based on comparing the product pa- 
rameter to a target product paraineter. 

2. TliB prucess of claim i , \vherdn (he at least one pnoduct parameter com- 
prises a melt flow rate, and the target product paxaracter comprises a target 
melt flow rate. 

3. Ilic process of claim 2, wherein ibc mdl flow rale is the flow index ht.b- 

4. The process of claim 2, whcnnn var\-ing the ratio of organoaluminum 
component to modified methylaJumutoxane component based on the prod- 
uct parameter comprises cmnparing the melt flow rate to the laiget melt 
flow rate. 
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The process of disam 2. whetein vaiymg the raiio of orgsnoahuniniim 
cocnpooent to modified methyhifumintoxane compoacni based on the prod- 
uct pozsnretef ccffnprises ol Icsst ooe of* 

(d!) tncreosing the ratio of organoaluminuxn co mp o nen t to modified 

mcthytaluminoxane compotieal if the mdt ilow rate is less than the 

target meti flow rate; and 
(d2) decreasing the r<itio of organoaiuminum component to modified 

oiethylalumiROxaiie component if the melt flow rale is grcaicr than 

the target melt How rate. 

The process of claim 1. wherein the polyoiefin coir^rises a idaiively 
Mgher molecular weight polymer component and a relatively lower mo- 
lecular wei^ polymer component, the ai least one product parameter 
comprises o weight fraction of the higher molecular weight polymer com- 
ponent, and the target product parameter comprises a target wei^t fmction 
of the higher molecular weight pcrfymer component. 



The process of claim 6, wherein varying the ratio of organoaluminum 
component to modified o^thylahaniiKMcanc component based on the prod- 
uct parameter comprises increasing th« ratio of organoaiimiinum compo- 
nent to modiOed mcthytaluminoxane component if the weight fraction of 
the higher molecular weight component is greater than the target weight 
fraction or decreasing the ratio of organoaluminum component to modified 
methyl aluminoxane component if ihe weight fraction of the higher mo- 
lecular weight component is less than the target weight fraction. 



The process of cbim 1. wherein the contacting, determining, and varying 
are each done at least two times. 
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9. The process of chum 1, %^rein the oi^anoaUmmnum component com- 
prises at least one crialkylahoniniim componnd. 

J iO. The process of cbum 9 wherein the DrralkyUlummum c<»npouiid comprises 

at least one of trimcthybhiminuin, triethylahiminum, QripropylalumtniBti, 
(ributytaiuminum, triisobulylahuninumr trihexyl^uminmn and triociyla* 

luniinain. 



10 II. The process of claim 1» wherein the molar ratio of alurhinu/n in the or- 
ganoaluounura component to aluminum m the modified methylaluminox' 
ane component is in the range of 0. 1 to SO. 

12> The process of claim J , wherein the bimcialltc ^alyst precursor com- 
is prises o non-metatloceoe component comprising at least one of titanium. 

' zirconium, hafnium, vanadium, niobium aid tantalum« and a metaliocene 
componeni comprising st least one metaliocene of at least one of titanium, 
zircoiijuro, and hafnium. 



211 13. The process of claim 12, wherein the bimetallic catalyst precursor com- 

prises a non- metaliocene component comprising at least one of titanium 
and vanadium, and a meiaUoceoe component comprising at least one n»l- 

allocenc of rircoruum. 



25 14. llie process of claim 1. whetein the olefin monomers comjHises at least BO 
wt% ethylene. 



IS. 



The process of claim 14, wherein the olefm monomers flirthn* comprises at 
least oitc Cs-C'io aljAa-olcfm monomer. 
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16. The process ordaim I. wheieio dw ax least one product parameter funher 
coiapRses a tneti flow ration and ihe target i»odua paraoKier further com- 
prises 8 tarset metl (tow ratio. 

i 7. The process ofclaim 1 6. vvhcretn the melt How relio b hie/lz. is. 

18. A process for producing polyolcfirts having o largei melt flow rate, ibc 
process comprising: 

(a) combining a catalyst prccuisor and a cocatalysi, the catalyst pre- 
cursor comprising a bimetallic catalyst precursor comprising a 
noo-metaUocene compound of a tranutioo metal and a metallocene 
compound, and the cocalabrst coti^»ng an organoaluminum 
component and a modifi^ methylalutnlnoouuie oon^nent, to ob- 
tain an activated catalyst; 

(b) contactinfi the acdvated catalyst with olefin monomeis under po- 
lymerization con<£tions to rorm polyolefin; 

(c) dcterminiRg a melt flow rale of the pofyolefin: and 

(d) iocrcasing the ratio of organoatumtjium component to modiRcd 
methylaluminoxane comj>oneni ifihc melt llow rate is less than the 
target meh flow rate or decreasing the ratio of organoaluminum 
component to modified melhylaluminoxane componeru if the melt 
Row rate is greater thitn (he target mch flow rate. 

2i 19. Ihc process of claim 18, wherein the melt flow rate is the How index 121.^. 

20. The (vocess ofclaim 18, ^^lein the contactins, deiermining. and varying 
are each done ai least two times. 
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21. The process of claim 18. wherein ilie oT^aixwhucinum componem com- 
prises at leag i»ie tnalkytahiininuni compound. 

22. The process of cl»m 2i, wherein the triaUcyiaJumtniim compound com- 
prises at least one of trimethyialuminum. iridbylatinoinain, tripropylidu' 
raumim, uibutytoluminum, triisobutybhiminnm, Inhcxylalumtnunii and 
trioclylatuminum. 

23. The^pfoccss of claim 18, wherein the bimctnliic catalyst precursor conv- 
prises a non-mciaJloccne componetit comprisjr.g at kasi one of titaDiuns. 
zirconium, hafnium, vanadium, tuotnum and tantalum, and a metallocene 
component comprising at least one mclalloccne of at least one of titaniuin, 
zirconium, and hafbium. 

24. The process of clairo 23, wherein the bimetallic catalyst precursor com* 
prises a oon^netallocene component comprising at least one of titanium 
and vanadiimi. and a luetalioccne component comprising at least one met- 
allocene of Tirconixim. 

25. 'I"be process of claim J 8, wheretn the olefin monomers comprises at least 
80 wt% ediylene. 



26. 
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The process of claim 1 8, wherein the olefin monomers turther comprises at 
least one C^^Cio alpha^olcftn monomer. 
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A process for producing poiyolcrins coti^sing a relatively higher mo- 
lecular weight poiymcr component and a relatively lower molecxiler 
wd^t polymer componcni and hawig target wight fractions of higher 
and lower molecular weight poJymcr components, the process comprising: 

(a) combining a catalyst precursor and a cocatalyst, the cataly^ pre* 
cursor comprising a hinietallic catalyst precursor compttsing a 
non-metidlocenc compound of a transition metal and a metallocene 
con^xxiiid, and the cocatalysi comprising an organoahuniaum 
component and a modified methylalumiooxane component, to ob- 
tain an activated catalyst; 

(b) contacting the aciivued catolysi -vnth olefin immcmiers under po- 
lymerijntioa conditions to Ibna polyolefij^ 

<c) detennining the weight ihtction of at least one of the lughei mo- 
lecular weight polymer component and the lower molecular wdght 
polymer ccHnpooent: and 

(d) varying the ratio of organoaluminum component to moJir>cd mcth- 
ylohunlnoxane component by increasing the rauo of organoalumi- 
mini component to modified inethylaluminoxane componiml if the 
weight fraction of the higher mokcular weight component is 
greater than a target weight fraction or decreasing the rotio of or- 
ganoaluminum component to mtxiificd mcthylahiminoxane com- 
ponent if the weight fraction of the higher molecular weight com- 
ponent is less than the target weight fraction. 

The process of claim 27. wherein the contacting, dctrarminlngr and varying 
ore each dotte at least two times. 
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29. The process of claim 27, wherein the organoaluminum component com- 
prises at least one irialkylalummum compoinid. 
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30. The p jocc s a of claim 29 wbdcin the trisJIcylcUinntnuin compound com- 
prises at least one of trtmethylaiamiiium, triethytaluminum, tripropylalu- 
minun). tribmylalurainum, ttiisobuQrlaluminiim. mhesylalumtnum and 
trioctylajumnujm. 

31. The process of claim 27, wherein ibc bimetallic catalyst prccuisor com* 
prises a noivmelallocene compooent comprising at least one of ilianium, 
zirconiufn, hafnium, vdnadium, niobiuin and tantalum, and a metanocene 
compoooit cooiprisiiis la l«m one metallocene of at Jeast one of titanium, 
ziiconitun, and hafhiuni. 

32. The process of ct^m 31 » «vberctn the bimcialtic catalyst precursor com- 
prises o nc»)>nietAlIocene componem comprising at least one of titanium 
and vanadium, and a nielalloccne component comprising at least one mct- 
allciceoe of zirconium. 

33. T"hc process of claim 27, wherein the olefin monomers comprises at least 
SO wt% ethylene. 

34. The process of cfaim 77, whcrem the crfeftn nwnomers further comprises at 
least one Ci-Cjo alpha-oletln iTwnomer . 
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A pnxxs3 foi producing polyethylene copolymers baviog a target mdt 
flow rate, the p7w:es5 coraprisins: 

(a) combining: 

(i) a Inmetallic catalyst prccunor comprising: 

(A) a non-metaJloccQc compound of ai least one of lit*- 
niuai aod vassdiiun and 

(B) a metallocene compound ofziTcoiuunu and 
(i i) a cocotaly SI eCHnpxiang: 

(A) An organoahinunum compound selected from iri- 
mctbylalominum. triethylaluminum. m'pn^talumi- 
num. tributytaiuminuia. tritst^ylaluminum. tri- 
bexybluminiiin and iriociylalumimira aod 

(B> modified meihytaluminoxane. 
to obtain an aciivaled calalyst; 

(b) contacting the activated catalyst with monomcnt luidcr polymeri- 
zation conditions to fotm polyethylene, the rtionomcTS comprising 
80-99 wi% ethyleoe and I -20 wt% of at least one CyCio alpha-o!c- 
fin; 

(c) detennining a meh How rate of the potyotcfin; and 

(d) increasing the ratio of orgattoalumtniun to mndified merhylalo- 
minoxsuic if the melt flow laie is less than the target melt flow rate 
or decreasing the ratio of oiganoalttminum to modified oiethylalt*- 
minoxane if the melt flow rate is greater than the target melt flow 
rate. 
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36. A pmce^ (or producing polyolenns comprising a higte- moleculzr weight 
pot>'nKr component and a lower mokmiiir wet^ polymer componcm 
and having target weight risclions of higher and lower molectito weight 
polymer components, the p ip cxjis com prising: 

(a) combining: 

(i) a bimetallic catalyst precursor cumpHsing: 

(A) a non-flietalioceRC compound of at least one of I ha* 
ntmn and vanadinm and 

(B) o metalloccne coo^und of zii«oniun\ axwi 

(ii) a cocalalyst comprisT^ 

(A) an ofganoaluminum compound sdccied rrom iri- 
roethytahiininum, trieihytalutnunum. tripn^ys^alumi* 
num. tributylaluminuin, iriisobuiytaluauniim, tri- 
hcNytaluminum and Irioctylaluminum and 

(B) modiRed meihyteluminoxane, 
to obtain an aaivatcd catalyst; 

(b) eontaciing the activated catalyst with monomers under polymeri- 
zation condilions lo fomi polyethylene, the monomers comprising 
H()-99 vrt% ethylene and I -20 wt% of at least one Cj-Cjc alpha-ofe- 
ftn; 

(c) determining the wtight fraction of the higher molecular weight 
pol>-ini»- ccHnponent; and 

(d) vatying the ratio of organoaluminum to cnodified metbylahiminox- 
ane by increasing the ratio of organoaluminum tt> modified meth- 
ylaiuminoicane if the weight fraction of the lughcr molecular 
weight coniponeni is greater than a target weight fiaction or de- 
creasing the laiio of otganoajuniinum to tiKKUfted methylahi- 
minoxane if the wei£^t fiaction of the hi^r molecular weight 
cmnponent is less than die target weight fraction. 
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